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INTRODUCTION

A substantive empirical literature on the evolution of global income inequality has

1" The focus has been on the past three to four decades, a

emerged in recent years.
period of intense globalization. The change of inequality during this period at least in
part reveals how the growth generated by globalization has been divided among the
world’s citizens. Consequently, the question of how global inequality evolved is highly
ideologically charged. The academic debate on the question is vigorous and has not
yielded a definitive answer.

Nevertheless, two facts are broadly agreed upon across studies. First, inequality
within most countries is increasing, notably in highly populated countries such as China
and the United States. Second, inequality between countries—with each world citizen
assigned the per capita income of his country—is decreasing, as several poorer countries
have experienced growth rates far exceeding those of richer countries. To come to a
conclusion on overall global inequality, the relative sizes of these two opposing trends
have to be gauged.? The different studies have relied on widely varying methodologies
to approximate the required—missing—global income distribution, which explains the
contradictory conclusions (Anand and Segal, 2008).

While different studies disagree on how to approximate the missing data, they are
in striking agreement on the inequality measures to be used. The applied inequality
measures are almost exclusively of the relative kind, typical examples being the Gini
and Theil measures. According to a relative measure, inequality remains invariant if
all incomes grow in the same proportion. However, as remarked earlier by Ravallion
(2003) and Atkinson and Brandolini (2004, 2010), this exclusive focus on the relative in-
equality view is unduly restrictive. The theoretical literature on inequality measurement
has discussed the alternative absolute and intermediate inequality views—proclaiming
unchanged inequality under equal absolute growth, or under a combination of equal pro-
portional and equal absolute growth, respectively—from the very outset (Dalton, 1920;
Kolm, 1969, 1976a, 1976b). The prevailing appreciation in the literature is that one

cannot argue conclusively in favour of one specific inequality invariance view using posi-



tive arguments only.? This appreciation is echoed in questionnaire studies showing that
respondents hold diverse invariance views (Amiel and Cowell, 1999a, 1999b; Ballano and
Ruiz-Castillo, 1993; Harrison and Seidl, 1994). In sum, a satisfactory study of the evolu-
tion of inequality cannot ignore these alternative—a priori equally relevant—invariance
views.

In this paper, we study the evolution of inequality using absolute and intermediate
measures in addition to relative measures. Our focus is on inequality between countries
in the period 1980 to 2009. A cursory glance at the relevant data already reveals
that broadening the perspective beyond the relative view may profoundly affect the
conclusions on inequality. Figure 1 shows average yearly growth in GDP per capita
between 1980 and 2009 for each of the five quintiles of the 1980 between-country income
distribution.* The left axis presents growth in relative terms. The yearly growth rate
was 8.8% in the bottom quintile, while it was 1.6% in the top quintile. The relative
gap between the two quintiles has narrowed significantly, an observation supportive of
the popular claim of decreasing inequality. Now consider the right axis, which presents
growth in absolute terms. The comparison between the bottom and the top quintile
is now radically different. Income per capita in the top quintile increased by $431 per
year, while that in the bottom quintile increased only by $192 per year, a considerable
widening of the absolute income gap. Clearly, a shift from the relative view to the
absolute view (or to intermediate views) will cast a different light on the evolution of

inequality.

[Figure 1 about here.]

Our objective is to make explicit the dependence of the empirical conclusions on the
particular invariance view taken. In doing so, we focus on robust results holding for wide
classes of inequality measures. We consider extensions of the Lorenz dominance criterion
and of the S-Gini and generalized entropy classes of inequality measures, encompassing
the relative, absolute and intermediate views. Our analysis is complementary to that
of Atkinson and Brandolini (2004, 2010), who focus on specific (relative, absolute and

intermediate) measures of inequality.



Our results challenge the widely accepted claim of decreasing between-country in-
equality. In fact, the extension of the Lorenz dominance criterion—applied to all 435
pairs of income distributions in the period 1980 to 2009—provides strong evidence for
increasing absolute inequality. This conclusion is preserved for intermediate views sub-
stantially in the direction of the relative view. On the other hand, the Lorenz dominance
analysis yields virtually no evidence for decreasing relative, absolute or intermediate in-
equality. More insights can be gained by considering the extensions of the S-Gini and
generalized entropy classes of inequality measures. Oft-used relative members of these
classes, such as the Gini and Theil measures, indicate decreasing inequality between
1980 and 2009. But other relative members of the classes show increasing inequality, in
particular those with an especially high or low sensitivity to the bottom of the income
distribution. Absolute members in the two classes—and also intermediate members go-
ing well in the direction of the relative view—indicate increasing inequality irrespective
of the degree of bottom-sensitivity.

The paper proceeds as follows. In the next section, we provide a generic definition of
intermediate inequality: inequality is unchanged if an increase in total income consists
for o per cent in an equal proportional increase and for (1 — «) per cent in an equal
absolute increase. The parameter « quantifies the position of an intermediate view
between the polar absolute (aw = 0) and relative (o« = 1) cases. This generic definition
covers the specific intermediate concepts proposed by Besley and Preston (1988), Bossert
and Pfingsten (1990), Krtscha (1994), Pfingsten (1987), Yoshida (2005), Zheng (2004)
and Zoli (2003). In Section II, we extend the Lorenz dominance criterion using this
definition of intermediate inequality. We check for Lorenz dominance for each pair of
income distributions in the period 1980 to 2009 and for each value of a between 0 and
1. In Section III, we extend the S-Gini and generalized entropy classes of inequality
measures using our definition of intermediate inequality. We identify the combinations
of parameter values—the first parameter being «, the second parameter a measure
of bottom-sensitivity—corresponding to each of the competing inequality judgments.

Section IV concludes.



I ABSOLUTE7 RELATIVE AND INTERMEDIATE VIEWS

An income distribution is a vector x = (x1,x9,...,%,), where z; is a positive real
number denoting the income of individual ¢ = 1,2, ...,n. Incomes are ordered such that
1 < 29 < -+ < x,. The set X collects all income distributions. The arithmetic mean
of x is denoted by Z. We write 1,, for the n-dimensional vector of which each component
is equal to one.

An inequality measure is a continuous function I : X — R that satisfies the trans-
fer principle. This principle says that, with total income fixed, an order-preserving
richer-to-poorer transfer decreases inequality. Formally, for each income distribution
(x1,...,Tiy...,xj,...,xy) in X and each positive real number ¢, if z; < x; + <
xj—0 < xj, then I(x1,..., @i ..., %5,..., %) > [(x1,..., 2 +06,...,25 —d,...,2y).

Invariance views extend inequality comparisons to income distributions with different
total incomes. An invariance view expresses how a change in total income has to be
distributed over the individuals such that inequality remains invariant. Suppose that
the initial income distribution is x and that total income grows by nA, increasing mean
income from T to T + A. According to the relative invariance view, inequality remains
the same if every income increases by the same proportion (Z + A)/z. That is, income
distribution [(Z + \)/Z] x exhibits the same inequality as z. According to the absolute
invariance view, inequality remains the same if every income increases by the same
absolute amount A. That is, income distribution = + A1,, exhibits the same inequality
as .

An intermediate invariance view takes a position in between the relative and absolute
views. According to an intermediate view—as we define it—inequality remains the same
if every income increases by a weighted average of an equal proportional increase and an
equal absolute increase. Formally, for each income distribution z and for each amount of

per capita growth A\ > 0, there is an « in the interval [0, 1] such that income distribution

, 74\

r = «

v+ (1-a)(a+ALy) 1)

is equally unequal as x. Note that this definition allows that an intermediate view

specifies a different « for each initial income distribution x and each amount of per



capita growth A. In the notation we suppress this dependency and write « instead of
a(xz,\). The absolute view corresponds to a constant « equal to 0, the relative view
to a constant a equal to 1. For a given income distribution x and growth amount A,
the higher the value of «, the further the corresponding intermediate view is from the
absolute view and the closer it is to the relative view. Because « reflects the degree of
relativeness for a given x and A\, we will interpret it as a local measure of the degree of
relativeness.
Table 1 presents an example. The initial income distribution is z = (100, 200, 300, 400).

A per capita increase in income of A = 250 doubles mean income from z = 250 to 500.
The first row of the table corresponds to the absolute view, with each individual re-
ceiving the same absolute increase in income of 250. The final row corresponds to the
relative view, with each income being doubled. Each row in between shows the income
distribution 2/, as defined in equation (1), that exhibits the same inequality as x ac-
cording to an « between 0 and 1. The value of « neatly describes, for a given x and
A, the precise position of an intermediate view between the absolute and relative views.
For example, if @ = 0.8, then each individual’s income increases by 80% of the same
proportional growth (0.8 times 100%) plus 20% of the same absolute growth (0.2 times
250).

[Table 1 about here.]

Our definition of the intermediate view is generic, as it leaves open how « varies
with the initial income distribution and the amount of per capita growth. The definition
covers most invariance concepts proposed in the literature.® That is, each such invariance
concept specifies, for each income distribution z and each amount of per capita growth
A, a value of a such that income distribution 2’ in equation (1) is equally unequal as x.
In the concept of Pfingsten (1987), further explored by Bossert and Pfingsten (1990),
a equals puZ/(ux + 1 — p) with g a constant in the interval [0,1]. In the concept of
Besley and Preston (1988), which is based on that of Kolm (1976b), « equals z/(z + v)

with v a constant equal to or greater than 0. In a concept defined by Zoli (2003) and



Zheng (2004), « is a constant.® Finally, in the concept of Yoshida (2005), a equals
[((z 4+ N\)/z)"—1]/[((z + \)/z) — 1] with 1 a constant in the interval [0,1].” The choice
of a specific parameter value, pu, v or 7, determines a unique « for each  and A. The final
three columns of Table 1 present, for the alternative invariance concepts, the parameter
value that corresponds to each given value of a.

In the empirical analysis of the next sections, we do not a priori select a specific
invariance view. Instead, we check how each pair of income distributions compares for
all values of o between 0 and 1. Hence, the empirical analysis encompasses all of the
above invariance concepts proposed in the literature. This will give a complete picture

of how inequality judgments depend on the chosen invariance view.

II LORENZ DOMINANCE

We consider first the Lorenz dominance criterion. To simplify notation, we focus on
comparisons of income distributions with the same population size. The extension to
different population sizes is straightforward.®
For two income distributions x and y with equal means, z is said to Lorenz dominate
y if
k k
in > Zyz foreach k=1,2,...,n—1,
i=1 i=1

with at least one inequality holding strictly. We have defined inequality measures as
satisfying the transfer principle. It is well-known that x Lorenz dominates y if and only
if all inequality measures agree that z is strictly less unequal than y (e.g., Moyes, 1999).

Now take two income distributions  and y that do not have equal means. Suppose
that * < y. To apply the above Lorenz dominance criterion, we need a prior step
to equalize the means. It is here that the particular invariance view comes into play.
Suppose that « is the local degree of relativeness we want to impose. Then the income
distribution

(@) = a-z + (1-a)(z+(F-7)ln) (2)

8|

is equally unequal as x, but has a mean equal to that of y. Because the income distribu-

tions z(«) and y have equal means, the Lorenz criterion can be used to compare them.



This procedure leads to the following a-Lorenz dominance criterion.

Definition 1. Let z and y be two income distributions in X such that £ < y. Let
z(a) be defined as in equation (2) with « in the interval [0,1]. We say that = a-Lorenz
dominates y if x(a) Lorenz dominates y. We say that y a-Lorenz dominates x if y

Lorenz dominates z ().

Note that a-Lorenz dominance of x over y is equivalent to agreement of all inequality
measures with a local relativeness of a—that is, all measures according to which x is
equally unequal as x(«a)—that = is less unequal than y. Furthermore, 1-Lorenz domi-
nance and 0-Lorenz dominance coincide with relative and absolute Lorenz dominance,
respectively.!®

Stronger judgments may be deduced from the fact that  a-Lorenz dominates vy,
depending on whether x or y has the higher mean. Consider again the example of Table
1, with income distribution = (100,200, 300,400). Let y = (220,450, 580, 750), an
income distribution with twice the mean income of x. First, as easily checked, = 0.5-
Lorenz dominates y since (0.5) = (275,425,575, 725) Lorenz dominates y. Importantly,
x also a-Lorenz dominates y for all values of o smaller than 0.5—this is readily verified
for the particular cases where a equals 0, 0.1 or 0.2 in Table 1. That is, all inequality
measures with a local relativeness between 0 (absolute) and 0.5 agree that inequality
has increased in the transition from z to y. Second, y 0.9-Lorenz dominates z since y
Lorenz dominates x(0.9) = (215,405,595, 785). Again, y also a-Lorenz dominates x for
all values of a greater than 0.9—this is easy to check for the particular value o = 1 in
Table 1. In other words, all inequality measures with a local relativeness between 0.9
and 1 (relative) agree that inequality has decreased in the transition from z to y. Note
that neither 2(0.8) Lorenz dominates y, nor y Lorenz dominates x(0.8).!! The following

result generalizes the logic of this example.!?

Proposition 1. Let z and y be two income distributions in X such that = < y. If
x &-Lorenz dominates y, then x «-Lorenz dominates y for all o < &. If y &-Lorenz

dominates x, then y a-Lorenz dominates x for all a > .

Proof. Let x and y be two income distributions in X such that £ < y. Let = &-Lorenz



dominate y. That is, we have 2?21 a(yzi/z) + (1 —a)(x; +y— ) > ZLI y; for each

k=1,2,...,n— 1, with at least one inequality holding strictly. Let o < &. We have to

show that z a-Lorenz dominates y. It suffices to show that, for each £k =1,2,...,n—1,
z;a%xi + (Q-a)(zi+y-3) > ;d%xi + (1-&)(@i+5-3). (3
1= 1=

Rewrite equation @) as (& — «) Zle(mi +y—2) > (& —a) 2?21 yx;/x. Using that
a < @ and letting § = (1 + \)Z, this becomes % (z; + Az) > S°F (25 + \ay), or
kx> )\Zle x;. Since A > 0, this indeed holds for each k =1,2,...,n — 1. We omit

the similar proof for the case where y &-Lorenz dominates x. U

We now turn to the analysis of inequality between countries in the period of 1980 to
2009. The between-country income distribution consists of the total number of individ-
uals of the countries in our sample, with each individual assigned the GDP per capita of
his country as income. See the appendix for more details on the data and testing pro-
cedure. For each of the total 435 pairwise comparisons of income distributions between
1980 and 2009, we check a-Lorenz dominance for all values of « in the interval [0, 1].
Proposition 1 considerably simplifies this: for each pair of income distributions z and y
with Z < 7, we need only present the maximal « for which x a-Lorenz dominates y and
the minimal « for which y a-Lorenz dominates x. We start with the former.

Table 2 presents the years in order of increasing mean income. Mean world GDP
per capita increased in almost every year between 1980 and 2009, the exceptions being
1982 (decrease of 1.2%) and 2009 (decrease of 1.5%). Each cell of the table gives the
maximal value of « for which the row year with lower mean income a-Lorenz dominates
the column year with higher mean income. We report ‘-’ if there is no value of « such

that the row year a-Lorenz dominates the column year.
[Table 2 about here.]
Let us consider the comparison of the income distributions of 1980 and 2005, a typical

case with increasing mean income through time. The critical a reported is 0.46. This

means that the income distribution of 1980 «a-Lorenz dominates the income distribution



of 2005 for a equal to 0.46 and—using Proposition 1—for all values of a between 0
and 0.46. In other words, all inequality measures with a local relativeness between 0
(absolute) and 0.46 agree that inequality has increased between 1980 and 2005.

Table 2 provides substantial evidence for increasing absolute inequality between
countries through time. There exists a critical a in 216 out of the total 435 comparisons.
With the exception of two comparisons—those of 2009 with 2007 and 2008—these all
involve Lorenz dominance of an earlier year over a later year. Furthermore, the verdict
of increasing inequality through time is supported by intermediate views that go well
in the direction of the relative view. For the 214 critical values of a corresponding to
increasing inequality, the median value is 0.48 and the mean value is 0.45.

Of course, the finding of increasing inequality for a lower range of values of a (those
reported in Table 2) can go together with the opposite finding of decreasing inequality
for an upper range of values of . The example above Proposition 1 discusses such a
case. Therefore, the second part of the analysis consists in computing the minimal values
of a for which a year with a higher mean income a-Lorenz dominates a year with a lower
mean income. However, we do not present the table with these critical values of a. The
reason is simple: for none of the 435 pairwise comparisons does there exist a value of «
such that a year with a higher mean income a-Lorenz dominates a year with a lower mean
income. The table would be empty. Hence, the Lorenz analysis provides no support—the
two comparisons involving the year 2009 excepted—for decreasing inequality between
countries through time.

It is striking that there is not a single instance of relative Lorenz dominance among
the total 435 comparisons. That is, for no comparison do all relative inequality measures
agree on the direction of change in inequality. This suggests that the common finding in
the literature of decreasing relative inequality between countries relies on the particular
subset of relative inequality measures used. In the next section we take a closer look at

the conclusions for specific inequality measures.
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III INEQUALITY MEASURES

We focus on the S-Gini and generalized entropy classes of inequality measures, which
include most of the measures used in practice. First we define the relative cases of the
two classes and next we consider extensions that also include absolute and intermediate
measures.

We first consider the class of S-Gini inequality measures (Donaldson and Weymark,
1980, 1983). Recall that i is the rank position of individual 7 in the income distribution
(since incomes are ordered such that 1 < xg < --- < z,). For the relative case, we have

e 1 ST

i=1

Next, we consider the class of generalized entropy inequality measures (Bourguignon,
1979; Cowell, 1980; Cowell and Kuga, 1981a, 1981b; Shorrocks, 1980, 1984). For the

relative case, we have

n(y? =~
E\() — %gln (2) for 7 =0, o)

1 " xX; ZT;

— Z <T> In (T) for v = 1.

n “ z x
\ =1
The parameter p in the S-Gini class and the parameter v in the generalized entropy
class both measure the degree of bottom-sensitivity. The higher the value of p, or the
lower the value of v, the more weight is given to transfers at the bottom of the income
distribution relative to transfers at the top.'? Setting p = 2 in the S-Gini class gives
the Gini measure. For the generalized entropy class, setting v < 1 gives measures that
are ordinally equivalent to the class of measures proposed by Atkinson (1970), setting
~v = 0 gives the mean logarithmic deviation and setting v = 1 gives the Theil measure.

The classes in equations () and (Bl are relative. We extend these classes to include

also absolute and intermediate measures using the approach of the previous section.

Definition 2. Let z and y be two income distributions in X such that z < . Let x(«a)

be defined as in equation (2 with « in the interval [0,1]. We say that = is at least as

11



unequal as y according to the (a, p)-S-Gini inequality measure if G (z()) > Gp(y). We
say that y is at least as unequal as x according to the («, p)-S-Gini inequality measure
if G, (y) > G, (x(a)).

Definition 3. Let z and y be two income distributions in X such that z < y. Let
z(a) be defined as in equation ([2)) with « in the interval [0,1]. We say that z is at
least as unequal as y according to the («,y)-generalized entropy inequality measure if
E,(x(a)) > E,(y). We say that y is at least as unequal as x according to the (o, 7)-

generalized entropy inequality measure if E(y) > E.(z(a)).

However, it can be shown that the criterion in Definition 3 is not transitive (contrary
to the criterion in Definition 2).'* For this reason, we rely instead on the method of

Bossert and Pfingsten (1990) to extend the generalized entropy class.!®

Definition 4. Let x and y be two income distributions in X such that * < y. We say
that = is at least as unequal as y according to the Bossert-Pfingsten («,y)-generalized
entropy inequality measure if E.(z + [(1 — p)/u|ly) > Ey(y + [(1 — p)/p]l,) with
a = pZ/(ux + 1 — p). We say that y is at least as unequal as z according to the
Bossert-Pfingsten (a, v)-generalized entropy inequality measure if . (y+[(1—p)/p]1,) >
Ey(z+[(1 - p)/u)ln) with o = pz/(pz + 1 — p).'°

Figure 2 summarizes the empirical results based on the inequality measures in Defi-
nitions 2 and 4. The income distribution of the year 2009 is compared with the income
distributions of 1980, 1990 and 2000. Each of these three pairwise comparisons is repre-
sented by a curve in the two-parameter space of (a, p) for the S-Gini class and («, ) for
the generalized entropy class. The curve depicts the parameter combinations for which
inequality remains unchanged between the two years under comparison. For parameter
combinations to the right of the curve inequality has decreased through time, while for

parameter combinations to the left inequality has increased.

[Figure 2 about here.]

We first consider the relative inequality measures in Figure 2. As mentioned before,

the literature has focused on just a handful of relative measures. Particularly popular are
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the Gini measure, corresponding to the point (o, p) = (1,2) in the top part of Figure
2, and the mean logarithmic deviation and the Theil measure, corresponding to the
points (a,v) = (1,0) and (e, ) = (1,1) in the bottom part of the figure, respectively.
These popular measures lie comfortably in the area of decreasing inequality for each
of the three pairwise comparisons. However, neither for the S-Gini class, nor for the
generalized entropy class, do the relative members agree unanimously on decreased
inequality. Increased inequality between 1980 and 2009 is concluded by the relative
S-Gini inequality measures for high degrees of bottom-sensitivity (p greater than 32.4)
and by the relative generalize entropy measures for high (v smaller than —6.4) or low (v
greater than 15.2) degrees of bottom-sensitivity.!” Of course, these degrees of bottom-
sensitivity are extreme, which shows that a focus on the very highest incomes or on the
very lowest incomes is required in order to conclude increased relative inequality.

Next, we consider the absolute and intermediate inequality measures. Figure 2
shows that here exist values of @ < 1 such that all corresponding members of the S-
Gini class or the generalized entropy class agree on increased inequality. Members of
the S-Gini class corresponding to values of « from 0 to 0.53 unanimously agree that
inequality has increased between 1980 and 2009. For the generalized entropy class,
this range is from 0 to 0.49. Note that the income distributions of 1980 and 2009
are Lorenz incomparable (see Table 2), meaning that there is no value of « such that
all corresponding inequality measures agree on the direction of the inequality change.
Hence, the finding of a unanimous verdict of increased inequality for the two narrower

classes of inequality measures is not trivial.

IV CONCLUSION

We assessed the evolution of relative, absolute and intermediate inequality between coun-
tries in the period 1980 to 2009. Our findings strongly challenge the widely accepted
claim of decreasing inequality. Indeed, using the Lorenz criterion, we found increasing
absolute inequality through time in 214 out of the total 216 Lorenz comparable pairs
of income distributions in the period. In these 214 cases, the conclusion of increasing

inequality is preserved for intermediate views up to about halfway the relative view.
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In striking contrast, the Lorenz dominance analysis does not yield a single instance of
decreasing relative inequality among the total 435 pairwise comparisons. While popu-
lar relative members of the S-Gini and generalized entropy classes—the Gini and Theil
measures and the mean logarithmic deviation—indicate decreasing inequality between
1980 and 2009, this finding does not extend to all relative inequality measures in these
classes. On the other hand, the absolute members of these classes, as well as interme-
diate members up to about halfway the relative view, agree unanimously on increasing
inequality in the period.

One may wonder what—if anything—can be concluded about the evolution of over-
all global inequality, that is, the inequality between all citizens of the world. To tackle
this question, we would need to establish how absolute and intermediate within-country
inequality changed and add this to our findings on between-country inequality. This is
beyond the scope of this paper. Nonetheless, tentative insights may be obtained by rely-
ing on the widespread claim of increasing relative within-country inequality. The combi-
nation of increasing relative inequality and increasing income within countries strongly
suggests that absolute and intermediate within-country inequality have increased as
well. This would mean that, for decomposable inequality measures, our findings extend
to global inequality: global inequality has increased for the absolute view and for inter-
mediate views sufficiently close to the absolute view. Testing this hypothesis ultimately
requires world-scale micro-level data. We leave this to future research.'®

Our analysis has shown that empirical conclusions on the evolution of between-
country inequality depend crucially on the chosen invariance view. As one moves from
the relative view, predominating in the empirical literature, to the absolute view, the
conventional wisdom of decreasing inequality is completely reversed. This underlines
the importance of explicitly discussing and justifying the properties of the employed
measurement apparatus. Rather than being mere technicalities, these properties embody

the meaning of inequality.

14



REFERENCES

Amiel Y and FA Cowell, 1999a. Income transformations and income inequality. In: D Slottje (ed)
Advances in Econometrics, Income Distribution and Scientific Methodology. Heidelberg: Physica

Verlag, 209-232.
Amiel Y and FA Cowell, 1999b. Thinking about Inequality. Cambridge, UK: Cambridge University

Press.

Anand S and P Segal, 2008. What do we know about global income inequality? Journal of Economic
Literature 46, 57-94.

Atkinson AB, 1970. On the measurement of economic inequality. Journal of Economic Theory 2,
244-263.
Atkinson AB and A Brandolini, 2004. Global world inequality: absolute, relative or intermediate?

Mimeo.

Atkinson AB and A Brandolini, 2010. On analyzing the world distribution of income. World Bank
Economic Review 24, 1-37.

Ballano C and J Ruiz-Castillo, 1993. Searching by questionnaire for the meaning of income inequality.
Revista Espariola de Economia 10, 233-259.

Berry A, F Bourguignon and C Morrisson, 1983. The level of world inequality: how much can one say?
Review of Income and Wealth 29, 217-241.

Besley TJ and IP Preston, 1988. Invariance and the axiomatics of income tax progression: a comment.

Bulletin of Economic Research 40, 159-163.

Bosmans K and FA Cowell, 2009. The class of absolute decomposable inequality measures. Fconomics

Letters 109, 154-156.

Bossert W and A Pfingsten, 1990. Intermediate inequality: concepts, indices, and welfare implications.

Mathematical Social Sciences 19, 117-134.
Bourguignon F, 1979. Decomposable income inequality measures. Econometrica 47, 901-920.

Bourguignon F and C Morrisson, 2002. Inequality among world citizens: 1820-1992. American Economic

Review 92, 727-744.
Capéau B and A Decoster, 2005. The rise or fall of world inequality. A spurious controversy? World

FEconomic Papers 166, 37-53.
Chakravarty SR and S Tyagarupananda, 1998. The subgroup decomposable absolute indices of inequal-

ity. In: SR Chakravarty, D Coondoo and R Mukherjee (eds) Quantitative Economics: Theory and
Practice, Essays in Honor of Professor N. Bhattacharya. New Delhi: Allied Publishers Limited,

247-257.
Chakravarty SR and S Tyagarupananda, 2009. The subgroup decomposable intermediate indices of

inequality. Spanish Economic Review 11, 83-97.
Chotikapanich D, R Valenzuela and DSP Rao, 1997. Global and regional inequality in the distribution

of income: estimation with limited and incomplete data. Empirical Economics 22, 533-546.

15



Chotikapanich D, WE Griffiths, DSP Rao and V Valencia, 2012. Global income distributions and
inequality, 1993 and 2000: incorporating country-level inequality modeled with beta distributions.
Review of Economics and Statistics 94, 52-73.

Cowell FA, 1980. On the structure of additive inequality measures. Review of Economic Studies 47,
521-531.

Cowell FA, 2006. Theil, inequality indices and decomposition. Research on Economic Inequality 13,
345-360.

Cowell FA and K Kuga, 1981a. Inequality measurement. An axiomatic approach. Furopean Economic
Review 15, 287-305.

Cowell FA and K Kuga, 1981b. Additivity and the entropy concept: an axiomatic approach to inequality
measurement. Journal of Economic Theory 25, 131-143.

Dalton H, 1920. The measurement of the inequality of incomes. Economic Journal 119, 348-361.

Deaton A, 2010. Price indexes, inequality, and the measurement of world poverty. American Economic
Review 100, 1-35.

del Rio C and O Alonso-Villar, 2010. New unit-consistent intermediate inequality indices. Economic
Theory 42, 505-521.

del Rio C and J Ruiz-Castillo, 2000. Intermediate inequality and welfare. Social Choice and Welfare
17, 223-239.

del Rio C and J Ruiz-Castillo, 2001. Intermediate inequality and welfare: the case of Spain, 1980-81 to
1990-91. Review of Income and Wealth 47, 221-237.

Donaldson D and JA Weymark, 1980. A single-parameter generalization of the Gini indices of inequality.
Journal of Economic Theory 22, 67-86.

Donaldson D and JA Weymark, 1983. Ethically flexible Gini indices for income distributions in the
continuum. Journal of Economic Theory 29, 353-358.

Dowrick S and M Akmal, 2005. Contradictory trends in global inequality: a tale of two biases. Review
of Income and Wealth 51, 201-229.

Harrison E and C Seidl, 1994. Perceptional inequality and preferential judgements: an empirical exam-
ination of distributional axioms. Public Choice 79, 61-81

Kolm S-C, 1969. The optimal production of social justice. In: J Margolis and H Guitton (eds) Public
Economics. An Analysis of Public Production and Consumption and Their Relations to the
Private Sectors. London: Macmillan, 145-200.

Kolm S-C, 1976a. Unequal inequalities 1. Journal of Economic Theory 12, 416-442.

Kolm S-C, 1976b. Unequal inequalities I1. Journal of Economic Theory 13, 82-111.

Krtscha M, 1994. A new compromise measure of inequality. In: W Eichhorn (ed), Models and Measure-
ment of Welfare and Inequality. Heidelberg: Springer-Verlag, 111-120.

Marchant T, 2008. Scale invariance and similar invariance conditions for bankruptcy problems. Social
Chotce and Welfare 31, 693-707.

Milanovic B, 2002. True world income distribution, 1988 and 1993: first calculations based on household

surveys alone. Economic Journal 112, 51-92.

16



Milanovic B, 2005. Worlds Apart: Measuring International and Global Inequality. Oxford: Princeton.
Milanovic B, 2010. Global inequality recalculated and updated: the effect of new PPP estimates on

global inequality and 2005 estimates. Journal of Economic Inequality 10, 1-18.
Moyes P, 1987. A new concept of Lorenz domination. Economics Letters 23, 203-207.

Moyes P, 1992. Dominance, relative ou absolue, au sens de Lorenz. Une comparaison internationale.

Revue économique 43, 895-914.
Moyes P, 1999. Stochastic dominance and the Lorenz curve. In: J Silber (ed), Handbook of Income

Inequality Measurement. Dordrecht: Kluwer, 199-222.

Pfingsten A, 1986. New concepts of Lorenz domination and risk aversion. Discussion Paper 278,

Karlsruhe.

Pfingsten A, 1987. Axiomatically based local measures of tax progression. Bulletin of Economic Research

39, 211-223.

Pinkovskiy M and X Sala-i-Martin, 2009. Parametric estimations of the world distribution of income.

NBER Working Paper 15433.

Ravallion M, 2003. The debate on globalization, poverty and inequality: why measurement matters.

International Affairs 79, 739-753.

Sala-i-Martin X, 2006. The world distribution of income: falling poverty and ... convergence, period.

Quarterly Journal of Economics 121, 351-397.
Seidl C and A Pfingsten, 1997. Ray invariant inequality measures. In: S Zandvakili (ed), Research on

Economic Inequality, vol. 7. Greenwich: JAI Press, 107-129.

Shorrocks AF, 1980. The class of additively decomposable inequality measures. FEconometrica 48,

613-625.
Shorrocks AF, 1984. Inequality decomposition by population subgroups. Econometrica 52, 1369-1385.

Yoshida T, 2005. Social welfare rankings of income distributions: a new parametric concept of interme-

diate inequality. Social Choice and Welfare 24, 557-574.
Zheng B, 2004. On intermediate measures of inequality. In: JA Bishop and Y Amiel (eds), Research on

Economic Inequality, vol. 12. Greenwich: JAI Press, 135-158.

Zoli C, 2003. Characterizing inequality equivalence criteria. Mimeo.

APPENDIX. DATA DESCRIPTION AND TESTING PROCEDURE

We use the World Development Indicators (WDI) data set, downloaded from the web
site of the World Bank at http://ddp-ext.worldbank.org/ext/DDPQQ/ in July 2010.
The WDI data set contains 212 countries. For our analysis, we only retain the countries
for which data are available for the entire period 1980 to 2009. This reduces the data
set to the 115 countries listed in Table 3. The ten most populated absentees are, in

order of decreasing population size, Russia, Vietnam, Ethiopia, Myanmar, Ukraine,
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Tanzania, Poland, Uganda, Iraq and Afghanistan. Our data set covers 86.39% of the

2009 population in the full WDI data set.

[Table 3 about here.]

We use real GDP per capita, taking 2005 as the reference year for the constant prices.
To correct for relative price differences, we rely on the standard PPP factors used in
the WDI data set. These PPP factors are computed by the International Comparison
Program of the World Bank (see Deaton, 2010, for a critical appraisal). The mean 2009
GDP per capita is $5,393 in the full WDI data set, whereas it is $6,005 in our data set.

The results in Table 2 were obtained as follows. Consider a pair of income distribu-
tions. First, we transform the income distribution with the lower mean using equation
(2). Second, we test for Lorenz dominance using a conservative procedure that com-
pares the ordinates of the Lorenz curves on each corner of the two empirical cumulative
distribution functions. We perform this test over a fine grid of values of & to obtain the
values reported in Table 2. The results in Figure 2 are obtained using an algorithm that
computes—over a fine grid of p and + values—the values of a for which the relevant
inequalities in Definitions 2 and 4 hold with equality. All algorithms were programmed

in MATLAB and are available upon request.
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NOTES

! Among others, Berry et al. (1983), Bourguignon and Morrisson (2002), Capéau and Decoster (2005),
Chotikapanich et al. (1997), Chotikapanich et al. (2012), Dowrick and Akmal (2005), Milanovic (2002,
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2010), Pinkovskiy and Sala-i-Martin (2009) and Sala-i-Martin (2006). See Anand and Segal (2008) and
Milanovic (2005) for surveys.

2Not all inequality measures can be neatly decomposed into within-country and between-country
parts. For instance, the Gini measure features an additional component that measures the overlap
between countries’ income distributions. See, e.g., Milanovic (2005, Chapter 3).

3The relative invariance requirement is sometimes interpreted as an innocent technical property
to make inequality comparisons independent of the unit in which incomes are measured. But this
interpretation is problematic (e.g., Kolm, 1976a, pp. 419-420; Marchant, 2008, pp. 694-695). Invariance
requirements deal with the normative issue of how to distribute amounts of various sizes in an inequality-
neutral way. Hence, they reflect an important aspect of the notion of inequality extending beyond
the independence of the unit of measurement. In our empirical application, the issue of the unit of
measurement is treated coherently by expressing all incomes in PPP US dollars at constant prices.

4GDP per capita is expressed in 2005 PPP US dollars. The appendix describes the data and the
sample selection.

5An exception is the concept of Seidl and Pfingsten (1997), including the special case studied by del
Rio and Ruiz-Castillo (2000). The precise form of the latter concept is determined jointly by the value
of a parameter (similar to «) and by a reference income distribution z. The dependence on the reference
income distribution z renders the concept of del Rio and Ruiz-Castillo inconsistent with equation (1).
But their concept does allow an interpretation along the lines of equation (1) for a limited set of pairwise
comparisons: those comparisons of income distributions = and y, with z < g, for which x happens to
coincide with the reference income distribution z. The empirical analysis of del Rio and Ruiz-Castillo
(2001) deals with such a comparison and exploits this interpretation.

5Zoli (2003) and Zheng (2004) formulate this concept with the purpose of representing the concept
of del Rio and Ruiz-Castillo (2000). However, as noted by del Rio and Alonso-Villar (2010, footnote
7), the concept of Zoli and Zheng does not coincide with the concept of del Rio and Ruiz-Castillo. The
latter is not consistent with our generic definition of intermediate inequality because of the dependence
on a reference income distribution. Nonetheless, the simple invariance concept of Zoli and Zheng is
interesting in its own right.

"Yoshida (2005) generalizes Krtscha (1994). In the latter concept 1 equals 0.5.

8For our empirical analysis, we extend the Lorenz criterion in Definition 1 using the replication
invariance principle. This principle says that replications of the income distribution leave inequality
unchanged. If two income distributions have different population sizes, then they can be replicated up
to the same population size and compared using Definition 1. Note that the inequality measures in
Section III also satisfy the replication invariance principle.

9We saw in Section I that our definition of intermediate inequality covers several of the invariance
concepts proposed in the literature. By consequence, the a-Lorenz criterion is consistent with the Lorenz

criteria based on these invariance concepts. Consider as an example the concept of Pfingsten (1987) (and
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Bossert and Pfingsten, 1990). Let z and y be two income distributions such that Z < §. The condition for
a-Lorenz dominance of z over y is S| al(§:/Z)+(1—a)(zi4+5—7) > S.F_ y; foreach k = 1,2,...,n—1,
with at least one inequality holding strictly. In the invariance concept of Pfingsten (1987), we have
a = puZ/(uT + 1 — p). Substituting this into the condition for a-Lorenz dominance, we obtain the
condition for Pfingsten’s (1986) Lorenz criterion: 3% | (z;—2)/(uZ+1—p) > S5 (yi—9)/(ug+1—p).

19See Moyes (1987) for a comparison of relative and absolute Lorenz dominance. This paper introduced
the absolute Lorenz dominance criterion into the literature.

"To be precise, = a-Lorenz dominates y for all « in the interval [0,0.51] and y a-Lorenz dominates
z for all « in the interval [0.87,1]. For other values of «, income distributions = and y are not Lorenz
comparable.

2See del Rio and Ruiz-Castillo (2000, pp. 232-233) for a related discussion. Moyes (1992, Proposition
4) provides a version of Proposition 1 covering the relative and absolute cases.

3With p sufficiently high, or v sufficiently low, the focus is on the smallest income as a fraction of
the mean. With ~ sufficiently high, the focus is on the highest income as a fraction of the mean.

14 To see this, consider the measure with parameter values & = 0 and v = 1 and the income distri-
butions z = (10, 30,50), y = (14,22,54), ' = = + (10,10, 10) = (20,40, 60) and y" = y + (10,10, 10) =
(24,32,64). Since the (0, 1)-generalized entropy measure is absolute, income distributions x and z’ are
equally unequal and the same goes for y and 3y’. Because x and y have equal means, Definition 3 demands
we follow the judgment of the relative generalized entropy measure with v = 1. The same is true for z’
and y'. We have E1(z) > E1(y) and Ei(z') < Ei(y’), and hence x is more unequal than y and 2’ is less
unequal than y’. We obtain the following cycle: z’ is equally unequal as x, z is more unequal than y, y
is equally unequal as ¥’ and %’ is more unequal than z’.

5The criterion in Definition 2 is equivalent to the Bossert and Pfingsten (1990, p. 132) extension of
the Gini inequality measures. That is, for all income distributions z and y in X, we have that x is at least
as unequal as y according to the (, p)-S-Gini inequality measure if and only if ZG,(x)/(pz +1 — p) >
YGo(y)/ (g + 1 — p) with @ = pz/(pz +1—p) if 2 <gand a = py/(pg + 1 — p) if > 3.

6 Cowell (2006) shows how to obtain the absolute members of this class by taking the limit (1—p)/u —
+o00. This absolute subclass has been characterized axiomatically by Chakravarty and Tyagarupananda
(1998, 2009) and Bosmans and Cowell (2010).

17See Capéau and Decoster (2005) for related findings.

8Some first insight may be obtained using the approximation of the global income distribution
by Sala-i-Martin (2006). The data cover the period 1970 to 2000 and have been downloaded at
http://www.columbia.edu/ xs23/papers/worldistribution/Data/| in December 2008. The Lorenz analy-
sis yields maximal values of a—to be interpreted in the same way as the values in Table 2—in 453 out
of the total 465 pairwise comparisons. With the exception of four comparisons, these all correspond to
increasing inequality through time. For the 449 values of a corresponding to increasing inequality, the

mean value is 0.85 and the median value is 0.87. Clearly, the support for increasing absolute and inter-
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mediate inequality is substantially stronger than that found in Section II. There exist only five minimal
values of «, four of which correspond to decreasing inequality through time (these have a mean value
of 0.87 and a median value of 0.96). Like the other approximations of the global income distribution in
the literature, Sala-i-Martin’s approximation unavoidably rests on debatable assumptions. See Anand
and Segal (2008) for a critical discussion. Therefore, these results have to be treated with the necessary

caution.
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Table 1. Intermediate views as weighted averages of the relative and absolute views

Given income distribution x = (100, 200, 300, 400), how should an extra amount 4 x 250

(= 4x ) be divided—resulting in income distribution 2'—such that inequality is unaffected?

Inequality view « ! I v n
Absolute 0 (350, 450, 550, 650) 0 +00 0
Intermediate 0.1 (335,445,555,665)  0.00044 2250 0.138
Intermediate 0.2 (320, 440, 560,680)  0.00100 1000 0.263
Intermediate 0.5 (275,425,575,725)  0.00398 250 0.585
Intermediate 0.8 (230,410,590,770)  0.01575 62.5 0.848
Intermediate 0.9 (215,405,595,785)  0.03475 27.7 0.926
Relative 1 (200, 400, 600, 800) 1 0 1
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Table 2. Maximal « for which the row year a-Lorenz dominates the column year

1982 1983 1980 1981 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2009 2007 2008
1982 - - - - 045 048 047 052 058 061 056 053 053 055 054 054 056 054 054 057 054 052 050 050 049 048 - 046 044
1983 - - 059 - 055 052 056 062 065 059 055 055 058 056 056 058 056 056 058 055 053 051 050 050 049 - 047 044
1980 - - - - - - - - - - - - - - - 042 045 045 046 045 046 - - -
1981 - - - - - - - - - - - 006 018 031 041 047 050 050 049 047 048 046 046 032 044 041
1984 - - - - 063 031 - 055 033 - - - - 0.50 020 0.51 0.49 - - -
1985 059 052 059 068 072 062 057 054 054 052 053 055 053 053 056 053 050 048 049 047 046 - 044 041
1986 045 - 064 065 - 056 051 010 - - - 036 052 055 052 049 047 046 012 - -
1987 - 059 062 - 059 049 - - - - 051 054 051 048 0.46 045 - - -
1988 085 080 023 054 041 045 044 - - 048 048 0.53 049 046 044 044 043 - 041 -
1989 - - 013 - - - - - - - 0.43 040 - - -
1990 - - - - - - - - 042 041 0.39 0.01 - - -
1991 008 - - - - - 010 043 049 044 042 040 041 021 - -
1992 - - - - - - - 044 0.20 - - -
1993 - - - - 034 021 0.49 045 - - -
1994 - - - 050 051 058 051 047 044 045 005 - 000 -
1995 - - 054 054 061 053 049 045 046 - - -
1996 - 053 053 063 053 048 043 045 044 - 041 0.10
1997 0.09 037 059 045 040 0.36 041 040 - 038 0.00
1998 054 071 052 043 0.36 040 - - 010 -
1999 0.00 0.36 0.29 - - -
2000 - - 0.10 - R -
2001 - 0.06 - - -
2002 - - - -
2003 - - -
2004 033 033 - 027 0.00
2005 - - -
2006 - -
2009 0.80 0.98
2007 -

2008




Table 3. Countries in the data set

Albania
Algeria
Antigua and Barbuda
Argentina
Australia
Austria
Bangladesh
Belgium
Benin
Bolivia
Botswana
Brazil
Bulgaria
Burkina Faso
Burundi
Cameroon

Canada

Central African Republic

Chad

Chile
China
Colombia
Comoros
Congo
Costa Rica

Cote d’Ivoire

Democratic Republic of the Congo

Denmark

Dominica

Dominican Republic
Ecuador
Egypt

El Salvador
Estonia
Fiji
Finland
France
Gabon
Gambia
Germany
Ghana
Greece
Grenada
Guatemala
Honduras
Hungary
Iceland
India
Indonesia
Iran
Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kenya
Kiribati

Latvia
Lesotho
Liberia
Luxembourg
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Morocco
Mozambique
Namibia
Nepal
Netherlands
New Zealand
Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Portugal
Republic of Korea

Romania
Rwanda
Saint Kitts and Nevis

Saint Lucia

Saint Vincent and the Grenadines

Saudi Arabia
Senegal
Seychelles
Sierra Leone
Singapore
South Africa
Spain

Sri Lanka
Sudan
Swaziland
Sweden

Syria
Thailand
Togo
Trinidad and Tobago
Tunisia
Turkey
United Kingdom
United States
Uruguay
Vanuatu
Venezuela

Zambia
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